1. The effect of heat treatment of bran on true zinc absorption was measured using an isotope-dilution technique. A bran-based breakfast cereal (heated to 204' for 40 min during manufacture) was incorporated into a semi-synthetic diet at a level of 180 g/kg. A parallel diet was formulated containing an identical weight of untreated bran from the same source plus other ingredients used to make the cereal.
Some foods that are rich sources of dietary fibre appear to reduce the bioavailability of minerals to man (McCance & Widdowson 1942; Bjorn-Rasmussen 1974) . However, it is unclear whether the effects of cereal fibre on the availability of iron and zinc are primarily due to the fibre itself (as suggested by Reinhold et af. 1975; Simpson et al. 1981) or to the phytate (present mainly in the aleurone layer of cereal grains) as suggested by Davies & Nightingale (1975) . Previous work in this laboratory (Fairweather-Tait, 1982) has indicated that the inhibitory effect of bran on Fe absorption is due to phytate rather than fibre since an increase in dietary fibre in bread with no change in phytate showed no reduction in Fe absorption in rats.
Phytate (myo-inositol hexaphosphate) is broken down by heat and by the action of phytase, an enzyme which occurs naturally in plants and also in the intestinal mucosae of man and rats (Bitar & Reinhold, 1972) . Most cereal products, such as breakfast cereals, breads, crispbreads and biscuits, are heat treated and this may influence the form (Cheryan, 1980) and level of phytate and thus reduce mineral-binding in the processed product. Since Davies & Reid (1979) suggested that phytate-Zn interactions in foods may be an important factor influencing Zn status, we decided to see if heat treatment of a bran-based cereal product containing bran and small additions of sugar, salt and malt improved the availability of Zn by comparing Zn absorption in rats from the cereal before and after processing. Bran is widely used as a dietetic food to reduce intestinal transit time and its palatability appears to be inversely related to particle size. Manufacturers, therefore, reduce particle size when bran is used as an additive in processed foods, in order to improve consumer acceptability. If there is a physico-chemical binding of minerals to fibre in the intestine (as suggested by Reinhold et al. 1975) changes in particle size and hence surface area will affect the absorption of minerals. Furthermore, the extent of phytate hydrolysis may depend on the amount of exposure of the aleurone layer to the intestinal mucosa which is a function of surface area of bran particles and time to pass through the intestine. We decided to test this hypothesis by looking for an increase in Fe and Zn absorptions with a reduction in bran particle size. At the same time we looked at the effect of dephytinizing the bran in order to obtain more information about the relative importance of fibre and phytate in reducing mineral availability.
Zn absorption was measured by a radioisotope-dilution technique in the heat treatment (HT) experiment, and Fe and Zn absorption by chemical balance in the particle size (PS) experiment.
HT experiment A quantity of bran used in the manufacture of a breakfast cereal, and the formulated breakfast cereal were provided by Kellogg Company of Great Britain Ltd (Stretford, Manchester). In making the cereal the bran had been heated to 204' for 40 min and milled before mixing with malt solution, sugar and salt and then cooling.
Both the cereal and the untreated bran were ground in a rotary knife mill with hardened-steel cutting knives. Malt, sugar and salt were added to the untreated bran in the same proportions as those used to formulate the cereal. The diet compositions are shown in Table 1 .
A third diet was formulated using bran from a different source, supplied by Booker Health Foods Ltd (Byfleet, Weybridge, Surrey) and used in the PS experiment, which was also ground in the knife mill. This diet contained less bran to make the final phytate level in the diet similar to that in the heat-treated-bran diet. The untreated bran contained more phytate and therefore it was necessary to include a third group to see if any differences in Zn absorption between untreated-and heat-treated-bran diets could be attributed to differences in phytate levels of the diets. Diets were formulated (as near as possible) to contain the same proportion of dietary fibre and the bran in each diet milled to a similar particle size distribution. H T experiment Twenty-four male Wistar albino rats (mean weight 80 g) were individually caged in plastic and stainless-steel cages with grid bottoms and given the milled bran diet ad lib. An outline of the experimental procedure is shown in Fig. 1 . The animals were injected intramuscularly in the thigh muscle of the left hind-leg with approximately 0.1 ml saline (9 g sodium chloride/l) containing 50 pCi 6sZn (zinc chloride 0.1 M-hydrochloric acid, carrier-free; Amersham International, Bucks.)/ml. The exact amount of 65Zn injected was calculated from the difference in syringe weight before and after injection. The animals continued on the milled-bran diet for 3 d and were then randomly divided into three groups of eight. Group 1 was given a diet containing 140 g untreated bran/kg, Group 2 a diet containing 180 g heat-treated bran/kg and Group 3 continued on the milled-bran diet containing 100 g bran/kg. After 3 d they were transferred to stainless-steel metabolism cages with plastic funnels for separate urine and faecal collections. Food intake measurements were started after 2 d and 1 d later faecal and urinary collections were begun and continued for a period of 6 d. The animals were fasted for 24 h before killing under carbon dioxide, when the kidneys and a 150 mm segment (distal from the pylorus) of the small intestine were removed. Faeces, urine, kidneys and intestine were analysed for total Zn by atomic absorption spectrophotometry and for s5Zn activity by gamma counting.
The true absorption of dietary Zn was calculated by the isotope-dilution technique of Weigand & Kirchgessner (1976) as described by Evans et al. (1979) . The amount of Zn absorbed ( A ) was computed from the formula:
where i is the Zn intake @g/d), f i s the total faecal zinc excretion @g/d), sf is the specific radioactivity of Zn in the faeces and sm is the specific radioactivity of Zn of endogenous origin. The average value of the specific activities of the intestine and kidney were taken as sm.
PS experiment A quantity of coarse bran (Prewett's natural bran) was provided and a portion dephytinized by adding approximately 15 mg phytase (Sigma Chemical Co. Poole, Dorset) to 100 g bran in 1 1 0.1 M-citrate buffer, pH 5.2. The mixture was stirred for 3 h at So, the bran washed five times with distilled water, freeze-dried and milled. The phytate content was determined by the modified method of Holt (Davies & Reid 1979) . A further quantity of coarse bran was milled in a rotary knife mill (as used in the HT experiment) and the phytate contents of milled and coarse bran determined. The particle size distribution of the milled bran was determined by passing it through a series of graduated sieves.
Twenty-four male Wistar albino rats (mean weight 140 g) were individually caged in stainless-steel metabolism cages with plastic funnels for separate urine and faecal collections. The rats were given a semi-synthetic diet similar to the milled-bran diet in the HT experiment containing 100 g dephytinized bran/kg instead of milled bran for 3 d. They were then weighed and randomly allocated to three groups of eight. Group 1 was given a similar diet containing 100 g coarse bran/kg, Group 2 a diet containing 100 g milled bran/kg and Group 3 a diet containing 100 g dephytinized bran/kg.
Faeces and urine were quantitatively collected for 9 d, and food intakes accurately measured. The animals were allowed distilled water and food adlib. They were then weighed and killed under CO,. The Fe and Zn contents of faeces, urine and all three diets were measured by atomic absorption spectrophotometry.
Analytical methods Atomic absorption spectrophotometry.
Approximately 4 g samples of diets were accurately weighed in duplicate into silica crucibles. Faeces from the PS experiment were dried and ground and I g duplicates weighed into silica crucibles. Faeces from each rat in the HT experiment were placed in individual large silica crucibles, dried at 50° for 72 h and weighed. The kidneys and segments of small intestine were individually placed in small silica crucibles and dried at 70' for 72 h and weighed. All samples were dry ashed in a muffle furnace at 480' for 36 h or more and the ash taken up in warm concentrated HCl, made up to an appropriate volume with distilled water and filtered. The urine samples were passed through a sintered-glass filter and made up to 60 ml. The solutions were analysed by flame spectroscopy using a Varian AA6 atomic absorption spectrophotometer. Gamma counting. The measurement of 65Zn was carried out directly on faeces and urine and on known volumes of solutions prepared for atomic absorption spectrophotometry in a Phillips Automatic Gamma Counter with a 75 x 75 mm NaI crystal, centre 550, width 100, gauge 15. Standards of 65Zn were prepared and the counting efficiencies obtained were 5.7% for 10 ml samples and 7.4% for 5 ml samples. Statistical analyses. One-way analysis of variance was performed on all set of results. Where this showed a treatment effect, unpaired t tests were performed comparing the different groups with each other (Snedecor & Cochran 1967) .
RESULTS

HT experiment
During the period of urinary and faecal collections there were no differences in food intake or weight gain between the three groups of rats.
The Zn contents of the diets were similar: untreated-bran diet 67.3 ,ug/g, heat-treated-bran diet 69.7 pg/g and milled-bran diet 60-5 pg/g. Dietary fibre contents were also similar: 69.6 g/kg, 62.7 g/kg and 59.0 g/kg respectively. The phytate level of the untreated-bran diet (1 6.5 g/kg) was higher than the heat-treated-bran diet (4.3 g/kg) and the milled-bran diet (4.5 g/kg).
The Zn contents and specific radioactivities of small intestine, kidneys, faeces and urine are given in Table 2 . Each animal received a slightly different dose of 65Zn and therefore the level of radioactivity (counts/min) obtained was adjusted accordingly so that results could be directly compared. Urinary losses of Zn and specific radioactivity of the urine were so small as to be negligible. Table 3 shows the apparent and true absorptions and true retention of Zn by rats on the three diets. True absorption in the untreated-bran group was 0.409 (+0.023), in the heat-treated-bran group 0.426 ( f 0.01) and in the milled-bran group 0.434 ( f 0-022). There were no significant differences in true Zn absorption or retention between the three groups.
As predicted, apparent absorption was significantly lower than true absorption (P < 0.02). 
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PS experiment
The mean particle size of the coarse bran was 3.5 (k 1.8) mm. The distribution of particles in the milled bran is shown in Fig. 2 ; approximately 80% of the particles were between 0.2 and 0.5 mm. The Fe and Zn contents of the three bran diets were similar; coarse-bran diet 43.6 pg/g, t Mean value for coarse-bran group was higher than that for milled-and dephytinized-bran groups (P < 0.01).
Mean value for coarse-bran group was higher than that for dephytinized-bran group (P < 0.02). 11 Mean value for coarse-bran group was higher than that for milled-bran group (P < 0.05).
8 Mean value for coarse-bran group was higher than that for milled-and dephytinized-bran groups T[ Mean value for coarse-bran group was lower than that for dephytinized-bran group (P i 0.02). ** Mean value for coarse-bran group was lower than that for dephytinized-bran group ( P < 0.01).
(P < 0.02, P < 0.01 respectively).
50.4 ,ug/g, milled-bran diet 41.0 ,ug/g, 50.9 pg/g and dephytinized-bran diet 37.6 pglg, 46.1 pg/g respectively. The dietary fibre levels differed; the coarse-bran diet was lowest at 53.2 g/kg, the milled-bran diet was next at 61.9 g/kg and the dephytinized-bran diet highest at 78.0 g/kg. The higher dietary fibre content of the milled-bran diet is probably a result of the milling procedure in effect concentrating the dietary fibre in the bran, as a small amount of residual starchy endosperm of lower fibre content was lost from the bran as it was milled. Significant amounts of starch were removed during dephytinization, hence the even higher level of dietary fibre. Phytate levels were the same in the coarse-and milled-bran diets at 4.5 g/kg. No phytate was detectable in the dephytinized-bran diet.
The mean weights of the rats are shown in Table 4 . The weight gain of the group given milled bran was significantly less (P < 0.02) than that of the group given coarse bran. Their food intakes were also lower. No other significant differences in weight gain were observed. The results of the Fe and Zn balance are also shown in Table 4 . Losses of Fe (and Zn) in the urine were very small. There was a significantly higher intake of Fe in the coarse-bran group.(P c 0.01) than in the other two groups. Faecal Fe excretion was also significantly higher (P < 0.02) in the coarse-bran group than in the dephytinized-bran group but, as a result of the higher Fe intake, when Fe retention was calculated, the coarse-bran group retained significantly more Fe than the milled-bran group (P < 0.05). However, when Fe retention was expressed as a proportion of Fe intake there were no differences between the three groups.
Zn intakes were similar in all three groups but faecal Zn excretion was significantly higher in the coarse-bran group than the milled-(P < 0.02) or dephytinized-bran group (P < 0.01).
Zn retention was significantly lower in the coarse-bran group than the dephytinized-bran group (P < 0.02) and when expressed relative to intake, Zn retention was significantly lower (P < 0.01) in the coarse-bran group than the dephytinized-bran group. There was no significant difference in retention between the coarse-and milled-bran groups, retentions being 0.087 in the coarse-bran group, 0.126 in the milled-bran group and 0.182 in the dephytinized-bran group.
Heat treatment of bran affects its chemical and physical form. Wet heat processing first solubilizes and then destroys pectic substances (Anderson & Clydesdale, 1980) and has a significant effect on metal binding in vitro (Camire & Clydesdale, 1981) . In man, transit time is reduced and stool size increased to a greater extent with raw than with cooked bran (Wyman et al. 1976) . Our study showed no effect of heat treatment on Zn availability to young rats. However, it is clear from the results that the true absorption of Zn, as measured by the radioisotopedilution technique, is much higher than apparent absorption measured by the conventional balance technique. This is because pancreatic secretions contain high concentrations of Zn (Matseshe et al. 1980 ) and the intestine is therefore exposed to two sources of Zn, endogenous (mainly from pancreatic secretions into the duodenum) and exogenous (from the diet). Thus part of the faecal Zn is not unabsorbed dietary Zn but Zn of endogenous origin. Indeed, it has been postulated that part of the control of Zn homeostasis is effected by secretion of Zn into the intestine rather than by regulation of Zn absorption (Evans et al. 1979).
True Zn absorption was 0.43 in the milled-bran group whereas apparent absorption was 0.33. During the experimental period the rats grew from an initial mean weight of 133 g to a final mean weight of 150 g. The PS experiment showed an apparent Zn retention from the same milled-bran diet of 0.126 which is less than half that in the HT experiment. This is because the rats were older, with an initial mean weight of 172 g and final mean weight of 220 g. The results illustrate the dramatic effect of age (i.e. growth requrements) in the rat on Zn absorption, and point to the importance of physiological factors rather than dietary factors in influencing Zn absorption from a diet of relatively high Zn availability. Without the values for true Zn absorption (which give a measure of endogenous Zn losses) we do not know to what extent Zn homoeostasis was being controlled by Zn secretion into the intestine.
The components of bran are changed during its passage through the alimentary tract. Dintzis et al. (1979) found that wheat bran was stripped of adhering endosperm and aleurone layer, and that bran particles isolated from human faeces had lost approximately 15% cellulose and 60% hemicellulose. It is probable that the efficiency of digestion (including hydrolysis of phytate present in the aleurone layer) is related to particle size. Smaller particles may be degraded more thoroughly by bacteria in the intestine and the resultant increase in available substrate will enhance bacterial growth. Assuming that the weight of increased bacterial numbers is less than the weight of bran degraded by bacteria, the final faecal weight should be less. It has been shown that faecal weights in human subjects were significantly less with fine bran than with coarse bran (Brodribb & Groves, 1978) and in the present study we found a small difference in faecal dry weights. Rats on the milled-bran diet had slightly lower faecal weights than those on the coarse-bran diet (P < 0.1). The particle size of the bran appeared to have a marginal influence on Zn but not Fe availability in rats. Mean faecal Zn excretion was greater in rats given a diet containing coarse bran DISCUSSION than those given milled bran. When results were expressed relative to intake, the value for rats given the coarse-bran diet was 0.087 and for those given the milled-bran diet was 0.126. These differences were not statistically significant but the results must be interpreted with caution as there was a very wide scatter within each group, and the numbers of animals used were only eight per group.
Zn retention from the diet containing dephytinized bran (0.182) was significantly higher than from the coarse-bran diet ( P c 0-Ol), but removal of phytate appeared to have no influence on Fe retention. The major form of Fe in bran is monoferric phytateJMorris & Ellis, 1976) and this has been shown to be well absorbed by rats, thus indicating that the phytate is broken down during digestion, releasing the Fe for absorption. However, monoferric phytate accounts for less than 5 % of the total phytate content of bran (Simpson et af. 1981) and the different effect of phytate on Fe and Zn availability may be related to the different strengths with which the divalent cations are bound to the phytate in the intestine.
In conclusion, it would appear that heat treatment of bran had no effect on Zn availability from the diet in the rat. The heat treatment used to manufacture the breakfast cereal reduced the phytate level from 36.1 to 23.9 g/kg, but this was not sufficient to improve Zn availability. Reduction in particle size of bran slightly improved Zn (but not Fe) retention but due to the wide scatter and small numbers of animals used the results were not conclusive. When the bran was dephytinized, Zn availability was significantly increased although there was no effect on Fe.
